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(57)Abstract: ^^r^^m^i^ 
PROBLEM TO BE SOLVED: To provide a variable valve timing control 
device for an internal combustion engine capable of preventing the 
situation that combustion is brought into an unstable state due to a 
failure in operation of a variable timing mechanism and engine stalling 
occurs. 

SOLUTION: This variable valve timing control device decides a failure 
in operation of a WT from the following state of an actual cam phase 
angle to the target phase angle of a set delay angle (at steps S14-S18) 
when an engine is in, for example, an idling state (at step S12=YES). In 
this case, when decision of a trouble due to which a valve overlap 
amount is excessive is established (at step S18=Yes), the opening of 
an EGR valve is decreased to decrease an external HER amount, and 
an exhaust gas recirculation factor is reduced by using no WT (at step 
S20). 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The adjustable valve-timing control unit of the internal combustion engine 
characterized by to provide a fall means reduce the rate of exhaust-gas reflux, without 
using said adjustable valve-timing device when decision of the failure from which said 
amount of bulb overlap becomes excessive with the adjustable valve-timing device to which 
it carries out adjustable [ of the amount of bulb overlap of an internal combustion engine's 
intake valve and an exhaust-air bulb ], a decision means judge failure of said adjustable 
valve-timing device, and said decision means is made. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustable valve timing technique to 
which it carries out adjustable [ of the lift timing of the pumping bulb in an internal 
combustion engine ], and relates to the adjustable valve timing control unit of the internal 
combustion engine which does adjustable [ of these amounts of bulb overlap ] especially. 
[0002] 

[Description of the Prior Art] An internal combustion engine's control unit indicated by 
JP,11-37027,A as this kind of an adjustable valve timing control unit is mentioned. This 
well-known control device shall adjust ignition timing according to an internal combustion 
engine's rotational speed and load, when the abnormalities of an adjustable valve timing 
device are detected based on the magnitude of bulb overlap of a pumping bulb. When it 
specifically becomes [ that the amount of bulb overlap is reduced by the abnormalities of an 
adjustable valve timing device with as, and ], it is going to aim at reduction of the 
discharge of NOx or HC by carrying out the retard of the ignition timing. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the abnormalities made into a 
condition [ having made the amount of bulb overlap expand freely ] like the case where it 
carries out as abnormalities produced in an adjustable valve timing device to having made 
the amount of bulb overlap reduce as mentioned above freely may also arise. In this case, 
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since it is not concerned with an internal combustion engine's rotational-speed region but 
the amount of internals EGR (exhaust gas with which the gaseous mixture which burned 
flows into an inlet pipe, and is again supplied in a gas column) increases, to an inhalation 
air content, the rate of internal EGR will become excessive relatively, and combustion will 
be unstable especially in a low load and a low rotational-speed region. If it is in such a 
situation, there is a possibility of it not only causing aggravation of exhaust gas, but rough 
burning occurring, and causing an engine stall in being extreme. 

[0004] So, in this invention, the adjustable valve timing control unit of the internal 
combustion engine which can avoid beforehand troubles by failure of an adjustable valve 
timing device, such as rough burning and an engine stall, is offered in view of an 
above-mentioned situation. 
[0005] 

[Means for Solving the Problem] When it judges that failure of the adjustable valve timing 
device in which the amount of bulb overlap becomes excessive produced the adjustable 
valve timing control device (claim 1) of the internal combustion engine of this invention, 
the rate of exhaust gas reflux is reduced without using an adjustable valve timing device. 
[0006] According to the adjustable valve timing control unit mentioned above, rough 
burning in a low rotational-speed region is avoided by decline in the rate of exhaust gas 
reflux, and an engine stall can be prevented especially effectively in an idle 
rotational-speed region. In addition, when opening of the EGR valve is made small when 
the exhaust gas reflux equipment (the so-called external EGR equipment) which bypasses 
between an internal combustion engine's exhaust pipe and inlet pipes preferably as a 
means effective in decline in the rate of exhaust gas reflux is equipped, or throttle opening 
is enlarged and idle speed control (ISC) equipment is equipped, enlarging the ISC bulb 
opening and increasing an inhalation air content is mentioned. 
[0007] 

[Embodiment of the Invention] This invention can take the operation gestalt as an 
adjustable valve timing control unit of the engine 1 which is the injection mold internal 
combustion engine in a cylinder shown in drawing 1 . However, it is not the intention 
which limits application of this invention only to this kind of injection mold internal 
combustion engine in a cylinder. The engine 1 shown in drawing 1 has the cylinder layout 
of for example, a serial 4-cylinder mold, and the ignition plug 4 and the fuel injection valve 
6 are attached in the cylinder head 2 for every gas column. Moreover, each fuel injection 
valve 6 can inject a fuel directly in a combustion chamber 8. 

[0008] The surge tank 12 is formed in the intake manifold 10 of an inhalation-of-air system 
at the leader. Moreover, the electronic throttle valve 14 is attached in the inlet port of a 
surge tank 12, and the inlet pipe which is not illustrated is connected to this electronic 
throttle valve 14. Moreover, the electronic throttle valve 14 is equipped with the electric 
actuator for the closing motion, and also it has equipped idle speed control (ISC) equipment 
16. 

[0009] Furthermore, the engine 1 is equipped with exhaust gas reflux (EGR) equipment, 



2/7 



Japanese Publication number : 2001-303999 A 



and the EGR path 18 is connected to the exhaust air path. The EGR path 18 turns an 
exhaust air path to an inhalation-of-air path, is carrying out the return bypass, and the 
end carries out opening of it into the exhaust air port 20, and, specifically, it is carrying out 
opening of the other end into the surge tank 12. Moreover, in the middle of the EGR path 
18, EGR valve 22 of an electric closing motion type is inserted. 

[0010] The engine 1 equips the valve gear system of the intake valve 24 and the exhaust 
air bulb 26 with the adjustable valve timing devices (WT is only called hereafter.) 28 and 
30, respectively, the cam sprocket to which these [ 28 and WT 30 ] drive a cam shaft - a 
hydraulic actuator - building - **** - the feeding and discarding of the actuation oil 
pressure to this hydraulic actuator - a cam rotation phase angle - free - a tooth lead angle 
- and a lag can be carried out. The oil control valve (OCV) 32 can perform the feeding and 
discarding of actuation oil pressure, and this OCV32 is formed about each WT 28 and 30, 
and can perform the feeding and discarding of actuation oil pressure to each hydraulic 
actuator. 

[00 11] Although the example which equipped WT 28 and 30 about each of an intake valve 
24 and the exhaust air bulb 26 is given with this operation gestalt, when there is no need 
on the operational characteristic of an engine 1, installation [ which / of WT 28 and 30 ] 
can also be omitted. The engine 1 is equipped with the electronic control unit (ECU) 34 for 
controlling actuation of the electronic equipment of the ignition plug 4 and fuel injection 
valve 6 which were mentioned above, and electronic throttle-valve 14 grade. Further, this 
ECU34 also controls actuation of ISC equipment 16 and EGR valve 22 if needed, and also 
can control the actuation of WT 28 and 30 mentioned above. 

[0012] The phase angle sensors 36 and 38 which output the angle-of-rotation pulse of a 
cam shaft are specifically attached in WT 28 and 30, respectively, and ECU34 can detect 
each cam phase angle based on the output phase contrast between the angle-of-rotation 
pulse outputted from these phase angle sensors 36 and 38, and the crank angle pulse 
outputted from the crank angle sensor 40. ECU34 incorporates the detected cam phase 
angle as a feedback signal, and carries out feedback control of the rate of drive duty of 
OCV32 according to the deflection between the target phase angles on the control, the 
feeding and discarding of oil pressure [ as opposed to / OCV32 drives a solenoid according 
to the rate of duty directed from ECU34, and / each hydraulic actuator ] - adjusting - a 
cam shaft - up to a target phase angle - a tooth lead angle - or a lag is carried out or it 
holds to neutrality. 

[0013] By control of WT 28 and 30 mentioned above, if the amount of bulb overlap of an 
intake valve 24 and the exhaust air bulb 28 is expanded, an engine 1 reduces an NOx 
discharge by utilizing the internal EGR effectively, and will promote re-inhalation unburnt 
[ HC ] and will also reduce HC discharge. Although the above is a phase angle control 
function to usual WT 28 and 30 by ECU34, with this operation gestalt, ECU34 also has 
further the function to judge failure of WT 28 and 30. Moreover, ECU34 has collectively 
the function which is interlocked with failure decision of WT 28 and 30, and also controls 
actuation of various kinds of electronic equipment, ISC equipment 16, and EGR valve 22. 
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[0014] 

[Example] The concrete example is given to below and actuation of the adjustable valve 
timing control unit of this invention is explained to it. Moreover, WT28 by ECU34, the 
decision technique of failure of 30, and the concrete contents of the control performed by 
the failure decision being interlocked with also become clear by explanation of the 
following examples. 

[0015] Drawing 2 shows a desirable example of the WT control routine which ECU34 
performs in this example. In addition, although only the control about WT28 of an 
inspired air flow path shall be treated in the following examples, the control about WT30 
of an exhaust side is not excepted from the technique of this invention. ECU34 detects 
operational status of an engine 1 in step S10 first. The information on the rotational speed 
Ne and load is read, and, specifically, the existence of abnormalities etc. is checked. 
[0016] If it progresses to the following step S12, it will judge whether ECU34 has an engine 
1 in an idle state. This judgment can be performed with reference to the information on the 
rotational speed detected at step S10, a load, etc. When this judgment is failure (No), 
ECU34 carries out the return of the WT control routine here, without performing future 
steps. 

[0017] If the judgment of an idle state is materialized at step S12 (Yes), ECU34 will 
progress to the following step S14, and will set the target phase angle on control (inspired 
air flow path) as the maximum lag. And at the following step S16, the real cam phase angle 
of an inspired air flow path is detected. ECU34 judges failure of WT28 at step S18 
through the above processing. Although the failure which poses a problem here has an 
engine 1 in an idle state and has set the target phase angle of an inspired air flow path as 
the maximum lag, it is the case where a real cam phase does not return to the maximum 
lag. That is, it is because the inhalation air content is falling, so it is necessary to make the 
part and the amount of bulb overlap into min, and to reduce the amount of internals EGR 
in an idle state. However, since the amount of bulb overlap becomes excessive by the idle 
state, the amount of internals EGR becomes excessive relatively, and when extreme in 
occurring rough burning, possibility of causing an engine stall is high, if an actuator 
cannot function effectively and the cam phase angle of an inspired air flow path cannot be 
returned even to the maximum lag. 

[0018] As a result of OCV's32 not following or having caused incorrect actuation to the 
command signal from ECU34, such failure may take place, when it is made to fail in 
actuation of an actuator. In addition, when the feeding-and-discarding path of the 
actuation oil pressure connected with WT28 has a defect or the hydraulic line containing 
an oil pump is downed, it thinks. 

[0019] If such a failure judgment can be logically made based on the deviation between the 
phases of the maximum lag and real cam phase angles which are for example, a target 
phase angle and ECU34 searches for the difference of the phase of these maximum lag, 
and a real cam phase angle, the difference will judge whether it is size rather than a 
predetermined value (judgment threshold). As for this predetermined value, it is desirable 
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to be specified as deviation deflection which appears only when it can be set as a larger 
value than the steady-state deviation in which usually approves between a target phase 
angle and a real cam phase angle, and it deals when there are no abnormalities in WT28, 
and failure of WT28 is assumed especially. In addition, as for failure decision, it is 
desirable to set a predetermined time delay and to perform in consideration of the 
responsibility of an actuator. 

[0020] So, it is admited at step S18 that there is no failure in WT28 in the case of 
judgment failure (No), and ECU34 once ends activation of this control routine, without 
progressing to future steps. In this case, if the usual WT control is continued, for example, 
an engine 1 shifts to load operational status from an idle state, ECU34 will control the 
phase angle of WT28 according to the operational status of an engine 1. 
[0021] On the other hand, if a judgment at step S18 is materialized (Yes), it can be judged 
as what the failure to which the amount of bulb overlap becomes excessive has produced in 
WT28 (decision means), and ECU34 will perform the procedure after step S20. In addition, 
in the following procedures, in order to assume failure of WT28, ECU34 does not perform 
control to WT28. 

[0022] First, at step S20, ECU34 operates EGR valve 22 of external EGR equipment, and 
makes the opening small. It is good more preferably also as what restricts the opening of 
EGR valve 22 to below a predetermined value, or good also as what carries out a close 
by-pass bulb completely. By activation of this step S20, when the amount of external 
EGR(s) decreases, the rate of exhaust gas reflux can be reduced (fall means). 
[0023] Furthermore, the operation mode of an engine 1 is judged at step S22. Consequently, 
whether step S24 is performed changes with operation modes of an engine 1. That is, 
although throttle opening is pulled up or processing which pulls up idle rotational speed 
with ISC equipment 16 is performed at step S24, these processings become unnecessary in 
RIN mode. So, ECU34 does not perform step S24, when an engine 1 is in RIN mode (Yes), 
but it ends activation of a WT control routine in an old procedure. 

[0024] On the other hand, when an engine 1 is in the other operation mode instead of RIN 
mode, the opening of the electronic throttle valve 14 is pulled up, or in addition to step S20, 
(No) and ECU34 perform step S24, operate ISC equipment 16, and pull up idle rotational 
speed. Consequently, an inhalation air content can increase by the idle state, and the 
relative rate of exhaust gas reflux can be reduced (fall means). 

[0025] If it is in the situation that failure of WT28 from which the amount of bulb overlap 
becomes excessive by the idle state of an engine 1 was judged, since the rate of exhaust gas 
reflux falls by activation of a WT control routine mentioned above, without using WT28 
the failure is assumed to be (step S20, S24 grade), stabilization of combustion can be 
maintained or recovered and an engine stall is avoided further beforehand. 
[0026] In addition, without being restrained by the control technique of only one example 
mentioned above, this invention can rewrite the program suitably and can carry it out. For 
example, in the control routine of drawing 2 , without judging the idle state of an engine 1, 
at step S12, you may judge whether it is below in a predetermined rotational speed, and 
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the target phase angle set up at step S14 in this case does not need to be fixed to the 
maximum lag. Moreover, the decision technique in step S18 is mentioned as an example, 
and this step S18 can be replaced to the other effective logical decision technique. 
[0027] Furthermore, in this invention, it may not be concerned with the rotational-speed 
region of an engine 1, but processing of step S20 may be performed, and the judgment of 
step S12 can be omitted in this case. Moreover, although especially one example is not 
describing WT30 of an exhaust side, when the situation that the amount of bulb overlap 
becomes excessive by failure of an exhaust side WT30 is assumed as mentioned above, the 
program of a WT control routine can be added suitably and it can respond. 
[0028] In addition, by this invention, if the function to give an operator, an operator, etc. of 
an engine 1 an alarm is separately added in activation of a WT control routine when 
failure decision of WT28 and 30 grades is made, it excels in practical use more. As an 
alarm in this case, technical means, such as lighting of a warning lamp, generating of the 
alarm tone by the warning buzzer, and presenting of the alarm information to a control 
display, are mentioned. 

[0029] In addition, it cannot be overemphasized that there is no limitation especially about 
the application of the internal combustion engine with which it may be applied to various 
kinds of internal combustion engines, and this invention is applied, without limiting the 
operation gestalt of this invention to the configuration of drawing 1 . 
[0030] 

[Effect of the Invention] As explained above, also at the time of failure of an adjustable 
valve timing device, the adjustable valve timing control device (claim l) of the internal 
combustion engine of this invention secures the stability of combustion, and enables 
continuation of the stable operation. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the schematic diagram showing the operation gestalt which applied the 
adjustable valve timing control unit of this invention to the injection mold internal 
combustion engine in a cylinder. 

[Drawing 21 It is the flow chart of the WT control routine mentioned as a desirable 
example. 

[Description of Notations] 
1 Engine 

14 Electronic Throttle Valve (Fall Means) 

16 ISC Equipment (Fall Means) 

22 EGR Valve (Fall Means) 

28 30 Adjustable valve timing device 

32 OCV 

34 ECU (Decision Means, Fall Means) 
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36 38 Phase angle sensor 
40 Crank Angle Sensor 
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